Background-Sudden death was found to share the same set of usual risk factors as coronary events and therefore could not be specifically predicted in the population. It appears, however, that parental history of sudden death has not been investigated yet as a risk factor for sudden death. Therefore, we assessed risk factors, including parental sudden death, associated with the occurrence of sudden death in a long-term cohort study. Methods and Results-We included 7746 men employed by the city of Paris who were 43 to 52 years of age in 1967 to 1972 in the Paris Prospective Study I. Each subject underwent a physical examination and an ECG, provided blood for laboratory tests, and answered questionnaires administered by trained interviewers who paid particular attention to family medical history. Men with known ischemic cardiac disease were further excluded from analysis. For 95.5% of the men, vital status was obtained from specific inquiries until retirement, then by death certificates. Resting heart rate, systolic or diastolic blood pressure, tobacco consumption, body mass index, diabetes status, serum cholesterol, and parental history of sudden death were independent factors associated with sudden death during follow-up (23 years on average). When adjusted for confounding variables, including parental history of myocardial infarction, relative risk of sudden death associated with parental sudden death was 1.80 (95% CI, 1.11 to 2.88). Conclusions-Parental sudden death is an independent risk factor for sudden death in middle-aged men. The existence of familial risk factors for sudden death may help provide better identification of subjects at high risk of and early prevention of sudden death. (Circulation. 1999;99:1978-1983.)
S udden death is a major problem in industrially developed countries. It is frequently an unexpected first (and last) clinical manifestation of coronary artery disease, but it has been reported that up to 50% of sudden deaths in men occur in persons without knowledge of prior coronary heart disease. 1 Despite a decline in ischemic heart disease mortality 2 and the progress has been made in resuscitation, treatment of sudden death victims is frequently unsuccessful. 3, 4 The ideal solution would be to prevent the disease process that causes the initial episode of cardiac arrest. Early identification of subjects at high risk of sudden death is therefore essential to propose preventive treatment strategies. But identifying longterm risk factors that predispose specifically to sudden death remains difficult. The usual risk factors associated with coronary heart disease are also predictive of sudden death: age, systolic blood pressure, serum cholesterol, vital capacity, cigarette smoking, relative weight, diabetes, heart rate, and ECG abnormalities. 1, [5] [6] [7] [8] [9] Elevated heart rate, arrhythmia, 10 and tobacco consumption 11 have been described as more highly associated with sudden death than with other cardiac end points. Family history of coronary heart disease is an independent risk factor for coronary heart disease, 12, 13 and when its definition includes both myocardial infarction and primary cardiac arrest in parents, it has been found to be an independent risk factor for primary cardiac arrest in a recently published case-control study. 14 No information is available, however, on the specific association of parental history of sudden death with the occurrence of sudden death. Casecontrol studies are not very suitable because of a possible recall bias (family members may selectively and artificially report more familial sudden death events after the occurrence of 1 case of sudden death). Thus, we used the long follow-up period of the Paris Prospective Study I (Ͼ20 years) to assess the role of reported parental history of sudden death as a predisposing factor to sudden death in middle-aged men.
Methods
Details of the Paris Prospective Study I recruitment, design, and procedures have been described elsewhere. 15 Briefly, examination of 7746 native Frenchmen employed by the Paris Civil Service who were 43 to 52 years of age was carried out from 1967 to 1972. Subjects underwent ECG and physical examination conducted by a physician, provided blood samples for laboratory tests, and answered questionnaires administered by trained interviewers regarding sociodemographic factors, family and personal medical histories, and smoking habits. Subjects were asked for a parental myocardial infarction, for parental age at death, and whether the death was sudden or not. There were 3 measurements of diastolic and systolic blood pressures during the examination, and the mean of those measures was used for analysis. Diabetes status was defined as past or present reported diabetes, whether treated or not.
The administrative department in charge of the population provided a list of deceased subjects annually until participant retirement. All available data relevant to the causes of death were collected from specific inquiries, ie, medical records from hospital departments or general practitioners identified by relatives of the deceased. After retirement, causes of death were obtained from death certificates. The data were then reviewed by an independent medical committee (3 medical doctors not involved in the study), which assigned a principal cause of death for each case. The ninth revision of the International Classification of Diseases 16 was used for coding. Sudden death (code 798.1) was defined as a natural death occurring within 1 hour of onset of acute symptoms. Fatal myocardial infarction (codes 410 through 414) was coded only if the death was found to be strictly related to a myocardial infarction.
The deadline for the follow-up period was January 1, 1994. Vital status could not be obtained for 355 subjects (4.6%). Men with a diagnosis of ischemic heart disease (myocardial infarction or angina) established at the beginning of the study on personal medical history, clinical examination, and ECG were excluded from analysis. The analysis was conducted on the remaining 7079 subjects.
Statistical Analysis
ANOVA and 2 analysis were used for global comparisons between groups. Because of the skewed distribution of triglycerides, logtransformed values were used in the analysis. Relative risks (RRs) of mortality were adjusted for confounding factors and estimated by the Cox proportional-hazard model. SAS procedures (Statistical Analysis System) were used for analysis. At entry, 497 subjects declared a history of sudden death for their fathers and 281 for their mothers, providing 759 subjects with parental sudden death, including 19 subjects with sudden death for both parents.
Results

Among
In addition, 321 subjects reported myocardial infarction for their fathers and 162 for their mothers, providing 476 subjects who reported any parental history, including 7 subjects with myocardial infarction for both parents.
Characteristics of the subjects are given in Table 1 . All reported parameters were significantly different between the 3 groups of subjects: those who died of sudden death, those who died of myocardial infarction, and all other participants taken as control subjects. A parental sudden death was found in 18.6% of the subjects who died of sudden death (nϭ22), 9.9% of subjects who died of myocardial infarction (nϭ19), and 10.6% of the control subjects (nϭ718). Table 2 indicates the RR ratios for sudden death and fatal myocardial infarction associated with each parameter reported in Table 1 . Heart rate, systolic and diastolic blood pressures, tobacco consumption, triglycerides, and cholesterol level were risk factors for both sudden death and fatal myocardial infarction. Relative weight (body mass index) was a risk factor for sudden death but did not reach significance for fatal myocardial infarction (Pϭ0.06), whereas diabetes status was a strong risk factor for sudden death (RR, 3.23; 95% CI, 1.64 to 6.37) but not for fatal myocardial infarction (RR, 1.47; 95% CI, 0.69 to 3.12).
Age at the time of death was 59.2Ϯ6.0 years for sudden death and 64.3Ϯ6.4 years for fatal myocardial infarction (PϽ0.0001).
Parental history of sudden death was a risk factor for the occurrence of sudden death (RR, 1.95; 95% CI, 1.23 to 3.10) but was not associated with the occurrence of fatal myocardial infarction (RR, 0.97; 95% CI, 0.60 to 1.55). Both mother's sudden death and father's sudden death were risk factors for the subject's sudden death but not for fatal myocardial infarction.
Conversely, parental history of myocardial infarction was a risk factor for the occurrence of fatal myocardial infarction (RR, 2.09; 95% CI, 1.36 to 3.20) but was not associated with the occurrence of sudden death (RR, 1.30; 95% CI, 0.68 to 2.49). Both mother's and father's myocardial infarctions were risk factors for fatal myocardial infarction but not for sudden death.
When age, body mass index, heart rate, systolic blood pressure (or diastolic blood pressure), diabetes status, tobacco consumption, cholesterol level, triglyceride level, parental history of myocardial infarction, and parental history of sudden death were simultaneously entered into the survival model (Table 3) , parental history of sudden death remained an independent risk factor for sudden death (RR, 1.80; 95% CI, 1.11 to 2.88) but not for fatal myocardial infarction (RR, 0.85; 95% CI, 0.52 to 1.39), whereas parental history of myocardial infarction remained an independent risk factor for fatal myocardial infarction (RR, 2.30; 95% CI, 1.47 to 3.60) but not for sudden death (RR, 1.16; 95% CI, 0.60 to 2.25). Tobacco consumption is the average consumption (g/d) in the 5 years preceding the screening. Increased risk of an event for 1-SD increase in variables, including age (SDϭ1.9 years), body mass index (SDϭ3.3 kg/m 2 ), tobacco consumption (SDϭ10.5 g/d), heart rate (SDϭ10.2 bpm), systolic blood pressure (SDϭ20 mm Hg), cholesterol (SDϭ42 mg/dL), and triglycerides (SDϭ112 mg/dL).
There is a positive and significant correlation (rϭ0.52, Pϭ0.01) between the age of the parent and age of the progeny (nϭ22) at the times of their sudden death (see the Figure) .
When only deaths in participants Ͻ65 years of age were considered for subjects (sudden death, nϭ93; fatal myocardial infarction, nϭ96) and for their parents, the results did not change appreciably (Table 4) , and the adjusted RR associated with parental sudden death remained statistically significant for the occurrence of sudden death (RR, 2.00; 95% CI, 1.02 to 3.90) but not for the occurrence of fatal myocardial infarction (RR, 0.70; 95% CI, 0.26 to 1.81), whereas the adjusted RR associated with parental myocardial infarction remained significant for the occurrence of fatal myocardial infarction (RR, 3.42; 95% CI, 1.22 to 9.54) but not for the occurrence of sudden death (RR, 1.73; 95% CI, 0.42 to 7.14).
Despite the small number of subjects with both father's and mother's medical histories of sudden death (nϭ19), we looked for cumulative effects. The RR for sudden death of having 1 parental history of sudden death was 1.89, and the RR of having 2 parental histories of sudden deaths was 9.44 (Pϭ0.01).
Discussion Risk Factors of Sudden Death
The usual risk factors associated with sudden death were confirmed in this long-term, prospective study of a middleaged working male population. 1,5,8 -10,14 Parental history of myocardial infarction and other usual risk factors were also confirmed as risk factors for fatal myocardial infarction. 12, 13 In both univariate and multivariate analyses, diabetes status remained associated with sudden death 7 but not with fatal myocardial infarction. It is likely that the propensity for sudden death in individuals with coronary disease may be Relationship between age of parent and age of progeny at time of sudden death. Tobacco consumption is the average consumption (g/d) in the 5 years preceding the screening. Increased risk of an event for 1-SD increase in variables, including age (SDϭ1.9 years), body mass index (SDϭ3.3 kg/m 2 ), tobacco consumption (SDϭ10.6 g/d), heart rate (SDϭ9.8 bpm), systolic blood pressure (SDϭ20 mm Hg), cholesterol (SDϭ43 mg/dL), and triglycerides (SDϭ113 mg/dL).
enhanced by diabetes-associated autonomic neuropathy or microvascular disease affecting the conduction system of the heart. But subjects with diabetes or glucose intolerance are also prone to earlier development of extracoronary macrovascular (cerebral and peripheric) and microvascular diseases (kidney, retina, and nerves) that may contribute to the particular association with sudden death.
The original finding of this study concerned the role of parental history of sudden death as a predictor of sudden death. The correlation between age of the parent and that of the progeny at their time of sudden death appears to be a supplementary indication in favor of this relationship.
Possible Etiologic Pathways
Sudden death in the young does not have the same causes as in adults; myocarditis, hypertrophic cardiomyopathy, and conduction system abnormalities are the major underlying causes in subjects Ͻ20 years of age. 17 However, the prevalence of coronary artery disease increases with age, and this condition is the most frequent underlying cause in patients Ͼ30 years of age. 17, 18 If parental history of coronary heart disease is a well-known risk factor for coronary heart disease, 12, 13 we were unable to find any study that reported data on parental history of sudden death as a specific risk factor for sudden death.
This result suggests a familial risk of sudden death distinct from the familial risk pattern of myocardial infarction. Because coronary disease is very frequent in sudden death patients Ͼ40 years of age, 1, 7 we can hypothesize that the expression and mechanisms of coronary disease may be under partial familial control, which may cause sudden death rather than fatal myocardial infarction for some subjects. According to Davis and Thomas, 19, 20 plaque fissure and intraintimal thrombosis are observed more commonly in patients with sudden ischemic death than in patients with nonsudden ischemic death.
But this familial risk may be related to noncoronary disease that can also be involved in the occurrence of sudden death. Some cases of hypertrophic 21, 22 and dilated cardiomyopathy 23, 24 are familial. Some long-QT syndromes are also familial, 25 and some cardiomyopathies that may cause arrhythmia may be familial (certain forms of arrhythmogenic right ventricular dysplasia 26, 27 ). A genetic basis for idiopathic ventricular fibrillation has recently been described 28 in 6 small families and a few sporadic patients with a peculiar ECG pattern consisting of right bundle-branch block and ST-segment elevation in leads V 1 through V 3 . 29 But because of the rare prevalence of familial forms of all those specific diseases in middle-aged men, it is difficult to hypothesize that they play a major role in the occurrence of sudden death. However, it currently is not possible to give specific weight to each of the 2 mechanisms; in particular, it is not possible to rule out either mechanism. In any case, the role of environmental and/or genetic factors in this association is unknown.
Study Limitations
It remains difficult to assess the impact of the definition of sudden death on robustness of the results. Although sudden death may be defined in various ways, the common working definition is a natural death occurring within 1 hour of onset of acute symptoms. Although many sudden deaths are instantaneous or unwitnessed, the elapsed time can be at least roughly estimated. 30 It is likely that we had some inaccurate coding for sudden death from death certificates, mainly because of imprecise knowledge of the elapsed time, and some inaccurate coding for parental medical history of sudden death declared at the screening interview. Sensibility and positive predictive value of death certificates compared with autopsies range from 70% to 90%, and death certificates generally underestimate the number of deaths from ischemic cardiomyopathy. [31] [32] [33] [34] Thus, misclassification cases are likely to be conservative and might tend to reduce the strength of the association between sudden death and parental history of sudden death.
When the study setting is retrospective, relatives of men with recent sudden death may more frequently selectively report familial diseases (true or supposed) compared with control subjects, and this recall bias may exaggerate the findings. The recall bias can be ruled out in the present study.
The diagnosis of sudden death can be debatable and imprecise among older subjects who are susceptible to various medical disorders. Nevertheless, we found consistent results when an age limit of 65 years was given to both sudden death diagnosis in the cohort and the definition of family history of sudden death.
Conclusions
Besides heart rate, systolic or diastolic blood pressure, relative weight, diabetes status, tobacco consumption, and serum cholesterol, the existence of familial factors for sudden death may help in early identification of subjects with high risk of sudden death. It would therefore be useful to ask every patient about a possible parental history of sudden death, as is frequently done for familial history of myocardial infarction. It may then be possible to reduce the risk of sudden death in secondary 35 and primary prevention by correcting classic risk factors, eg, by lowering cholesterol, 36 losing weight, and quitting smoking. 37 Thus, the existence of a familial risk factor for sudden death enhances the necessity to correct the other modifiable risk factors, particularly those in high-risk subjects.
